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(57) ABSTRACT

An apparatus and a method of compensating for an I/QQ imbal-
ance 1n a direct up-conversion system prevents the perfor-
mance of the system from being deteriorated by efficiently
compensating for an I/QQ timing skew, an 1/Q phase 1mbal-
ance, and an I/Q gain imbalance by using a characteristic of an
OFDM scheme 1n an Orthogonal Frequency Domain Mul-
tiple (Access) (OFDM(A)) system using a direct up-conver-
sion scheme. According to the apparatus and the method of
compensating for an 1/Q imbalance 1n the direct up-conver-
s1on system of the present mvention, an OFDM(A) system
using a direct up-conversion scheme may efliciently compen-
sate for I/Q timing skew, I/QQ phase imbalance, and 1/QQ gain
imbalance by using a characteristic of an OFDMA scheme, so
that a performance of the system 1s prevented from being

deteriorated.
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APPARATUS AND METHOD OF
COMPENSATING FOR 1/Q IMBALANCE IN
DIRECT UP-CONVERSION SYSTEM

TECHNICAL FIELD

The present invention relates to an apparatus and a method
of compensating for an In-phase/Quadrature-phase (I/Q)
imbalance 1n a direct up-conversion system, and more par-
ticularly to an apparatus and a method of compensating for an
I/QQ imbalance 1n a direct up-conversion system, by which an
Orthogonal Frequency Domain Multiple (Access) (OFDM
(A)) system using a direct up-conversion scheme efficiently
compensates for an I/Q timing skew, an I/Q phase imbalance,
and an I/QQ gain imbalance by using a characteristic of an
OFDM scheme, thereby preventing the performance of the
system from being deteriorated.

BACKGROUND ART

A direct or homodyne up-conversion scheme 1s one of the
conversion techniques widely used 1n various types of com-
munication systems due to its convenience and economic
teasibility. FIG. 1 1s a block diagram schematically illustrat-
ing a conventional direct up-conversion system.

According to a schematic operation of the conventional
direct up-conversion system 1llustrated 1n FIG. 1, the conven-
tional direct up-conversion system converts a digital base-
band I signal and a digital baseband Q) signal to an analog I
signals and Q signals through a Digital to Analog Converter
(DAC), respectively, removes a high frequency component
from the analog I signals and Q signals by using a Low Pass
Filter (LPF), and frequency modulates the I and QQ baseband
signals passing the LPF to Radio Frequency (RF) signals by
using an 1/QQ modulator that 1s an analog device.

In the meantime, the I/QQ modulator has an in-phase com-
ponent I and a quadrature-phase component QQ, 1n which I
should accurately lie at right angles of 90° to Q. However,
according to the direct up-conversion system, a phase imbal-
ance that a phase between the in-phase component I and the
quadrature-phase component () 1s not 90° and a gain imbal-
ance that a gain between the 1n-phase component I and the
quadrature-phase component () 1s differentiated are gener-
ated due to the characteristic of the I/QQ modulator that is the
analog device, so that the conventional up-conversion system
has a disadvantage of the serious performance deterioration.

FIG. 2 1s a graph 1llustrating an influence by phase/gain
imbalance between the in-phase component I and the quadra-
ture-phase component Q. As illustrated in FIG. 2, 1n a case
where the phase/gain 1imbalance i1s generated between the
in-phase component I and the quadrature-phase component
QQ, when a reception terminal demodulates a corresponding
signal, a performance 1s seriously deteriorated by a mirror
spectrum component. Accordingly, many techmques for
measuring and correcting the 1/QQ phase/gain imbalance have
been researched.

However, a technique for measuring and correcting an I/Q)
timing skew resulting from a delay time difference between I
and Q components generated by a difference of DAC timings
or PCB or cable lengths between I and (Q components has not
been researched much until recently. In this respect, 1 an
OFDM communication system, such as actively used Wire-
less Local Area Network (WLAN), Worldwide Interoperabil-
ity for Microwave Access (WiMAX), or Long-Term Evolu-
tion (LTE) 1n recent days, using a broadband, a performance
of the system 1s deteriorated due to the I/QQ timing skew.
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In consideration of the performance deterioration of the
system, a conventional and general 1/QQ 1imbalance compen-
sation method used in the direct up-conversion system
employing the OFDM(A) employs a method of removing the
I/QQ 1imbalance 1n a final output terminal of the direct up-
conversion system by measuring I/Q) imbalance factor values
of the direct up-conversion system and then inversely pre-
distorting the measured I/QQ imbalance factor values by a
transmission unit. A method of measuring the I/Q timing
skew, the 1/Q) phase imbalance, and the I/QQ gain imbalance,
which are the I/QQ imbalance factors, 1s dealt with 1n another
patent application of an invention different from the present
invention, so that the description of the present invention 1s
progressed based on an assumption that one has been aware of

the I/Q timing skew, the I/Q phase imbalance, and the I/Q gain
imbalance.

FIG. 3 1s a block diagram schematically illustrating an 1/QQ
imbalance compensation apparatus in the conventional direct
up-conversion system. As illustrated in FIG. 3, the I/QQ 1mbal-
ance compensation apparatus in the conventional direct up-
conversion system pre-distorts the I/Q) phase imbalance and
the I/QQ gain imbalance 1n a digital terminal of a baseband
signal by using the 1/Q) imbalance factors. However, even 1n
this case, the pre-distortion 1s performed without the consid-
eration of the I/Q timing skew, so that the efficiency of the
pre-distortion 1s decreased.

FIG. 4 1s a block diagram schematically 1llustrating an I/Q)
imbalance compensation apparatus in the conventional direct
up-conversion system which performs the pre-distortion in
consideration the I/Q) timing skew 1n addition to the I/Q) phase
imbalance and the I/QQ gain imbalance. However, 1t 1s also
very difficult for the I/QQ imbalance compensation apparatus

ol F1G. 4 to compensate for the I/Q timing skew 1n a baseband
of a time domain.

DISCLOSURE

Technical Problem

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior art, and
an aspect of the present invention 1s to provide an apparatus
and a method of compensating for an I/() imbalance 1n a direct
up-conversion system, by which an OFDM(A) system using
a direct up-conversion scheme efficiently compensates for
I/QQ timing skew, I/QQ phase imbalance, and I/Q gain imbal-
ance by using a characteristic of an OFDMA scheme, thereby
preventing a performance of the system from being deterio-
rated.

Technical Solution

In accordance with an aspect of the present invention, there
1s provided an In-phase/Quadrature-phase (I/QQ) imbalance
compensation apparatus in a direct up-conversion system,
including: a pre-distortion factor calculator for fetching pre-
measured 1/Q imbalance factors and calculating pre-distor-
tion factors A, B, C, and D; and a pre-distortion executer for
executing a pre-distortion for each subcarrier through the
distortion factors A, B, C, and D corresponding to each sub-
carrier, wherein the pre-distortion factors A, B, C, and D are
calculated by following equations,

Phaseiming skew = 2 % 7T (subcarrier mndex — (5 - 1)) *AfxT

N
5 < subcarrier index < N Point FFT



US 9,042,483 B2

3

-continued
A=05%[(1+g)xcos(¢p)+ (1l —g)+

cos(@) xcos(Phaseriming skew) — (1 + g) # sin(@P) = sin( Phasesiming skew)]

B=0.5%[(g—1)*sin(¢) + (1 — g) + cos(@) = sin(Phasesiming skew) +

(1 + g) * Slll(t,?f?) * CDS(PhQSEIEmEHg_Skfw)]

C=05=% [(1 + g) " CDS(‘i’) _ (1 — g) + CC"S(Q&) *CGS(PhaSEﬁming_skEw) _

(1 + g) * Slll(tjﬁ’) * Siﬂ(Phﬂsgrimfng_skfw)]

D=05x«[(g—1)xsin(@) + (1 — g) + cos(@) = sin(Phaseriming skew) —

(1 + g) ¥ Slﬂ(‘;‘b) ¥ C'DS(PhﬂSEﬂ'ming_skfw)] c

in which t indicates IN timing skew, g indicates an I/Q gain
imbalance, ® indicates an I/QQ phase imbalance, Af indicates
sampling rate/FFT size, and N indicates an FFT size.

According to the present invention, the direct up-conver-
sion system 1s applied to an Orthogonal Frequency Domain
Multiple (OFDM) system.

In the meantime, the I/QQ imbalance compensation appara-
tus further includes a pre-distortion factor storage unit for
storing the pre-distortion factors calculated by the pre-distor-
tion factor calculator, and the pre-distortion executer fetches
the pre-distortion factors calculated by the pre-distortion fac-
tor calculator to execute the pre-distortion.

The pre-distortion executer performs the pre-distortion for
respective subcarriers bilaterally symmetric to each other
with respect to a DC subcarrier, and the pre-distortion 1s
performed by

Predistorted_I(f,, )=A(f,,) I, )+B({f,) Q)+ C () 1
o)+ D) Q)

Predistorted  O(f, )=A{,..)- O, )-B{f, ) I(f, ) +D(f, )1
(f—m)_ CU) . Q(f—m)

and

Predistorted__I{(f . )=A(f ) L )+ B ) OF )+
CUS ) L)) Qo)

Predistorted_ Q(f =AY O(f =B VIF I+D

Vo) L) = CU) ()
in which 1 indicates a predetermined subcarrier index, and
t__1indicates a subcarrier index symmetric to 1 .

In accordance with another aspect of the present invention,
there 1s provided a direct up-conversion system including: the
I/QQ imbalance compensation apparatus for performing a pre-
distortion so as to compensate for an I/QQ imbalance for base-
band digital I signals and baseband digital Q signals; a base-
band processor including an IFFT (Inverse Fast Fourier
Transtormation) unit for performing an IFFT on I signals and
Q signals pre-distorted by the I/Q imbalance compensation
apparatus; a D/ A converter for converting analog I signals and
Q signals which have undergone the IFFT to digital data; and
an I/Q modulator for I/QQ modulating the digital data.

In accordance with another aspect of the present invention,
there 1s provided a method of compensating for an I/(Q 1mbal-
ance 1n a direct up-conversion system, the method including
the steps of: (a) calculating pre-distortion factors A, B, C, and
D for each subcarrier by using pre-measured 1/Q gain imbal-
ance g, I/Q phase imbalance ®, and I/Q) timing skew T (tim-
ing_skew); (b) executing a pre-distortion for each subcarrier
through the calculated pre-distortion factors A, B, C, and D
for each subcarrier; (¢) performing an IFFT on pre-distorted
I/Q signals; and (d) converting analog I signals and QQ signals
which have undergone an IFFT to digital data and I/QQ modu-
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4

lating the digital data, wherein the pre-distortion factors A, B,
C, and D are calculated by following equations,

Phasesiming skew = 2 % 7T # (subcarrier index — (5 — 1)) *Af xT

N

5 < subcarrier index < N Point FFT

A=05%[(1+g)xcos(d)+({1 —g)+
C'DS(C‘b) * CGS(Phﬁgriming_skfw) - (1 + g) * Sll‘l(-;f)) * Sil‘l( Phaseriming_skfw)]
B=0.5x%[(g—1)*sin(¢) + (1 — g) + cos(@) = sin(Phaseriming skew) +

(1 + g) * 5111(@5) * CGS(Ph{ISEIimmg_SkEw)]

C=05%[(1+g)xcos()— (1 — g)+ cos(¢) = cos(Phasesiming skew) —

(1 + g) * Slll(t;ﬁ’) ¥ Siﬂ(PhﬂSEIiming_skew)]

D=05%[(g —1)#sin(@) + (1 — g) + cos(@) = sin(Phasesiming skew) —

(1 + 8’) * Slﬂ(‘?j) * C'DS(PhﬂSEIEmEHg_skEW)]a

in which T indicates I/QQ timing skew, g indicates an 1/QQ
gain imbalance, ® indicates an I/Q phase imbalance, Af indi-
cates sampling rate/FFT size, and N indicates an FFT size.

In the aforementioned construction, the method further
includes a step of storing the pre-distortion factors calculated
in the step of (a) belfore the step of (b), wherein the step of (b)
1s performed by fetching the stored pre-distortion factors.

The step of (b) 1s performed for respective subcarriers
bilaterally symmetric to each other with respect to a DC
subcarrier, and the pre-distortion 1s performed by

Predistorted_I(f,, )=A(f,)-I(f,)+B(f,, ) Qfy )+ C(f,) -1
(F ) *+D(- Of )

Predistorted Q(F. \=A(f.) O \-B(f. ) I N+Df )T
(.f—m)_ C(f) . Q(.f—m)

and

Predistorted (/.. )=A( ) L i HBY ) OF )+
CU ) 1o)UY Q)

Predistorted O/, )=A(/_,,) QU ) =B ) 10 )+D
Vo) 1) = CU ) Q)

in which 1  indicates a predetermined subcarrier index, and
t__ 1ndicates a subcarrier index symmetricto 1.
The method 1s applied to an OFDM system.

Advantageous Effects

According to the apparatus and the method of compensat-
ing for an I/Q imbalance 1n the direct up-conversion system of
the present invention, an OFDM(A) system using a direct
up-conversion scheme may efliciently compensate for 1/Q
timing skew, I/Q phase imbalance, and I/Q gain imbalance by
using a characteristic of an OFDMA scheme, so that a per-
formance of the system 1s prevented from being deteriorated.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram schematically 1llustrating a con-
ventional direct up-conversion system.

FIG. 2 1s a graph illustrating an influence by phase/gain
imbalance between in-phase component I and quadrature-
phase component ().
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FIG. 3 1s a block diagram schematically illustrating an I/Q)
imbalance compensation apparatus in the conventional direct
up-conversion system.

FI1G. 4 1s a block diagram schematically illustrating an I/Q)
imbalance compensation apparatus in the conventional direct
up-conversion system which performs the pre-distortion in
consideration the I/Q timing skew 1n addition to the I/Q phase
imbalance and the I/QQ gain imbalance.

FI1G. 515 a block diagram 1llustrating an entire construction
of a direct up-conversion system including an apparatus for
compensating for an I/QQ imbalance of the present invention.

FIG. 6 1s a block diagram 1llustrating a detailed function of

an I/QQ imbalance pre-distorter of FIG. 5.

FI1G. 7 1s a flowchart 1llustrating a method of compensating,
for an I/QQ imbalance 1n a direct up-conversion system of the
present invention.

MODE FOR INVENTION

Hereinatter, an exemplary embodiment of an apparatus and
a method of compensating for an I/Q imbalance 1n a direct
up-conversion system of the present mvention will be
described with reference to the accompanying drawings in
detail.

First, when 1t 1s assumed that an I/QQ gain imbalance 1s g, an
I/QQ phase imbalance 1s @, and an I/QQ timing skew 1s T (tim-
ing_skew), which are measured 1n the direct up-conversion
system, the pre-distorted baseband signal 1n FIG. 3 may be
expressed as Equation 1.

Dyt)=(1+g)cos ¢1(7)-(1-g)sin ¢ Q(7)
Do(1)=(1-g)cos ¢-Qz—t)-(1+g)sin ¢-I(1—T) [Equation 1]

*40 In Equation 1, 1f Y(t)=DA0)+)D (1), x(O)=I()+Q(1),
y(t) may be expressed as Equation 2.

|Equation 2]

f‘ . [x@D=-x"D]
(1 + g)cosop[x(n) + x*(1)] — (1 — g)smaﬁ[ ; ] +

x(r—r)—x*(r—r)]
J

T j_(l — g)msqb(

(1 + g)sinp(x(r —7)+x" (1 — 7))

In Equation 2, Fast Fourier Transtorm (FFT) 1s performed
on y(t), 1t may be expressed as Equation 3, and Equation 3 1s
organized as Equation 4.

FFT{y(t)}=15{(1+g)cos ¢[X(0)+X* (-w)]+7(1-g)sin
O[X(0)-X*(-w)]+(1-g)cos ¢LX(0)-X*(-w)]

e 7" —j(1+g)sin ¢[X(0)+X*(w)]e 7"} [Equation 3]
Y(w)=Y2{[((1+g)+(1-g)e?“")cos P+/(1-g)-(1+g)

e )sm QIX(w)+[((1+g)-(1-g)e™*)cos ¢p—j((1-

2)+(1+g)e”*")sin ¢ X* (—w)} [Equation 4]

In the meantime, 11Y (w)=I(w)+1Q(w), a pre-distorted base-
band signal 1n a frequency domain may be expressed as
Equation 5. That 1s, the OFDM system using the direct up-
conversion scheme performs the pre-distortion of the I/QQ
imbalance of the I/Q phase/gain/timing skew before an
Inverse Fast Fourier Transform (IFFT), 1.e. in the frequency
domain, so that the OFDM system may easily compensate for
all I/QQ 1imbalance factors.
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6

predistort,{w)=A4-I{(w)+5-O(0)+C-d(-0)+D-O(—w)

predistorty(w)=—8-1(w)+4-Q(0)+DI(-w)-C-Q(-m) [Equation 3]

A=(1+g)cos ¢p+(1-g)cos ¢p-cos wt—(1+g)sin ¢-sin wT
B=(g-1)sin ¢+(1-g)cos ¢-sin ot+(1+g)sin ¢-cos mt
C=(1+g)cos ¢p—(1-g)cos ¢-cos mt-(1+g)sin ¢-sin wT
D=(g—1)s1n ¢p+(1-g)cos ¢-sin wt—(1+g)sin ¢-cos wt

FIG. 51s a block diagram 1llustrating an entire construction
of the direct up-conversion system including the apparatus for
compensating for the I/QQ imbalance of the present invention,
in which the 1I/QQ imbalance 1s pre-distorted in the frequency
domain. As 1illustrated in FIG. 5, the direct up-conversion
system including the apparatus for compensating for the 1/QQ
imbalance of the present invention generally includes a base-
band processor 100 including an 1/Q imbalance pre-distorter
110 for performing a pre-distortion so as to compensate for
the I/QQ imbalance for baseband digital I signals and baseband
digital Q signals and an IFFT unit 120 for performing an IFFT
for the 1 signal and the Q signal pre-distorted in the I/QQ
imbalance pre-distorter 110, a D/ A converter 200 for convert-
ing analog I signals and Q signals which have undergone the
IFFT after the pre-distortion to digital data, and an I/(Q modu-
lator 300 for modulating the digital data through an I/(QQ modu-
lator.

FIG. 6 1s a block diagram 1llustrating a detailed function of
the I/QQ imbalance pre-distorter of FIG. 5. As 1llustrated in
FIG. 6, the I/QQ imbalance pre-distorter 110 of the present
invention serves to pre-distort the I/QQ imbalance 1n the fre-

quency domain which 1s before the IFFT, and generally
includes a pre-distortion factor calculator 112, a pre-distor-
tion factor storage unit 114, and a pre-distortion executer 116.

Among the aforementioned constructions, the pre-distor-
tion factor calculator 112 functions to calculate factors A, B,
C, and D of Equation 5 by fetching pre-measured 1/QQ 1mbal-
ance factors and store the calculated values of factors A, B, C,
and D 1n the pre-distortion factor storage unit 114. In the
OFDM scheme, subcarriers have inherent frequency values,
and the respective subcarriers are spaced apart from each
other in the frequency domain by a subcarrier spacing, Af
(=sampling rate/FFT size). Accordingly, since the frequency
components co of the respective subcarriers become different
in Equation 5, the respective subcarriers have the different
values of factors A, B, C, and D, so that 1 the values of factors
A, B, C, and D are calculated for each subcarrier every time,
a quantity of calculation 1s increased. Accordingly, in the
present invention, g, ®©, and T (timing_skew), which are the
I/QQ imbalance factors of the direct up-conversion system, are
hardware dependent values, so that the present invention uses
a fact that g, ®, and v (timing_skew) have iherent values
unless the hardware of the system 1s changed.

That 1s, when one direct up-conversion system 1s config-

ured, the system has inherent values of g, ®, and =T
(timing_skew), so that the pre-distortion factor calculator 112
calculates the factors A, B, C, and D once, and stores the
calculated values of factors A, B, C, and D 1n the pre-distor-
tion factor storage umt 114. The values of factors A, B, C, and
D may be calculated by Equation 6.

Phaseming skew = |Equation 6]

2$H$(SHbCE’lITiEI‘ index — (g — 1)) *Af =T

N

5 < subcarrier index < N Point FFT

A=03% [(1+g)xcos(d)+ (1l —g)+cos(d)«

CGS(PhﬂSEIiming_skfw) -1+ g) *

Slﬂ(‘;b) # Sin(PhﬂSEﬁming_skEw)]
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-continued
B=05%[(g—1D=*sin(¢) + (1 —g) +

C'DS(‘?j) * Siﬂ( PhﬂSEn'mEng_skEw) +

(1 + g) #* SlIl(Qf’) * CGS(PhﬂSEIEmEHg_Skfw)]

C=05«[(1+g)=cos()—(1 —g)+
CGS(@) " CGS(PhaSEﬁming_skEw) -

(1 + g) * Slﬂ(@) * Sin(PhaSEﬁming_skEw)]

D=05x%[(g—1)=sin(¢)+ (1 —g) +
COS(‘;&) * Siﬂ( Ph'ﬂSEﬂ'ming_skEw) -

(1 + 8’) # 5111(‘15) * CDS(PhﬂSEIEmEHg_skEW)]

The pre-distortion factor storage unit 114 functions to store
the values of factors A, B, C, and D 1n a number equal to the
number of subcarriers calculated 1n the pre-distortion factor
calculator 112 1n a memory. Next, the pre-distortion executer
116 tunctions to fetch the values of factors A, B, C, and D
corresponding to each subcarrier from the pre-distortion fac-
tor storage unit 114 and execute the pre-distortion for each
subcarrier. The pre-distortion 1n the frequency domain 1s per-
tformed with the subcarriers bilaterally symmetric to each
other with respect to a DC subcarrier, and the pre-distortion
may be expressed as Equation 7.

Predistorted__I(f,,)=A(f,,.) L{f;) +Bfo) Q)+ C(fr) 1
VoD Q)

Predistorted_ Q(f,,)=A(f.,)- Q) -BE) L) +D(f,)-1
V)= CH QU0

Further, 1n Equation 7, 1f a subcarrier index, which 1s sym-
metric to a predetermined subcarrier index 1 , 1s t__ | the

pre-distorted baseband I/Q signals of the subcarrier index 1,
may be expressed as Equation 8.

[Equation 7]

Predistorted__I(f ,,.)=A( ) L )+ B ) OF )+
CU ) L)) Qo)

Predistorted_ O(f . y=A(f )»O(f )~B{F VIf )+D
) L) = C ) @)

Hereinafter, a method of compensating for an I/QQ 1mbal-
ance 1n the direct up-conversion system of the present mven-
tion will be described.

FI1G. 7 1s a flowchart illustrating the method of compensat-
ing for an I/Q) imbalance 1n the direct up-conversion system of
the present invention.

First, a general method of decreasing the performance
deterioration resulting from the I/QQ imbalance 1n the direct
up-conversion communication system 1s to inversely pre-
distort the I/QQ imbalance for a baseband signal by using the
measured I/QQ imbalance of the system and remove the I/Q)
imbalance 1n a final output.

In this process, since the pre-distortion of an I/QQ timing,
skew 1s realistically very difficult in a time domain, the
OFDM system pre-distorts the I/QQ imbalance including the
I/QQ timing skew 1n a previous stage of an IFFT by using the
characteristic of the OFDM.

To this end, the I/Q gain imbalance g, the I/QQ phase imbal-
ance @, and the I/Q timing skew T measured in the direct
up-conversion system are first fetched from the outside in step
S10. The pre-distortion factors A, B, C, and D for each sub-
carrier to pre-distort each subcarrier are calculated by using
the fetched I/QQ imbalance information 1n step S20. Steps S10
and S20 may be performed by the I/Q imbalance pre-distorter
110 and the pre-distortion factor calculator 112. In the mean-

[Equation 8]
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time, the pre-distortion factors, A, B, C, and D for each
subcarrier may be calculated through Equation 6.

In the meantime, since the pre-distortion factors, A, B, C,
and D have different values for each subcarrier, the pre-
distortion factors, A, B, C, and D have an N number of values,
respectively, 1n a case of the OFDM system using an N-point
FE'T. In consideration of such a fact, the calculated values of
the pre-distortion factors, A, B, C, and D are stored in the
pre-distortion factor storage unit 114 in step S30.

In the meantime, the I/Q imbalance 1n the direct up-con-
version system 1s a hardware dependent value, so that 1t has a
fixed value 1n a single system. Accordingly, the pre-distortion
factors are calculated and stored once at the time of the
initialization of the system.

Next, the pre-distortion factors A, B, C, and D for each
subcarrier are fetched from the pre-distortion factor storage
umt 114, and then the pre-distortion 1s executed for each
subcarrier, 1.€. the I/Q) timing skew, the 1I/QQ phase imbalance,
and the I/QQ gain imbalance are pre-corrected, by using Equa-
tion 7 1n step S40. Step S40 may be performed by the pre-
distortion executer 116. In the meantime, the pre-distortion in
the frequency domain uses the subcarriers which are bilater-
ally symmetric to each other with respect to the DC subcar-
rier.

When it 1s assumed that a subcarrier index, which 1s sym-
metric to a subcarrier index 1 , 1s {__. the pre-distortion
baseband I/QQ signals of the subcarrier index I may be
obtained by Equation 8.

Finally, the pre-distorted 1/Q) signals undergo the IFFT 1n

step S50 and are modulated to OFDM signals 1n step S60.

INDUSTRIAL APPLICABILITY

The apparatus and the method of compensating for the I/QQ
imbalance in the direct up-conversion system of the present
imnvention 1s not limited to the atorementioned embodiment,
and may be variously modified and implemented within the
scope of the technical spirit of the present invention.

The mvention claimed 1s:

1. An In-phase/Quadrature-phase (I/QQ) imbalance com-
pensation apparatus 1n a direct up-conversion system, the I/Q)
imbalance compensation apparatus comprising:

a pre-distortion factor calculator for fetching pre-measured

I/QQ imbalance factors and calculating pre-distortion fac-

tor A, B, C and D; and
a pre-distortion executer for executing a pre-distortion for

cach subcarrier through the distortion factors A, B, Cand

D corresponding to each subcarrier,
wherein the pre-distortion factors A, B, C and D are calcu-

lated by the following equations,

Phasesming skew = 2 # 70 (subcarrier mndex — (3 — 1)) *Af =T

N
— < subcarrier index < N point FFT

g)
A=05%[(1+g)xcos(d)+ (1 —g)+

C'DS(@) * CGS(PhﬂSEIEmng_SREw) - (1 + g) * Slll(t}f’) * Sil‘l( Ph'ﬂjgriming_skew)]
B=0.5%[(g—1)*sin(¢) + (1 — g) + cos(@) = sin(Phase;ming skew) +

(1 + g) * 8111(@) * CGS(PhaSEﬁming_skEw)]

C=05%[(1+g)xcos()— (1 — g) + cos(@) = cos(Phasesiming skew) —

(1 + g) * 5111(@5) ® Siﬂ(PhﬂSErimrfng_skEw)]
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-continued
D=05%[(g— 1) =sin(¢) + (1 — g) + cos(¢) = sin(Phasesiming skew) —

(1 + g) * Slﬂ(‘;‘b) * CDS(PhﬂSBrEmmg_skEw)]

in which t indicates I/O timing skew, g indicates an 1/O
gain 1imbalance, ¢ indicates an IO phase imbalance, Af
indicates sampling rate/FF'T s1ze, and N indicates a posi-
tive integer equal to an FFT size.

2. The I/QQ imbalance compensation apparatus as claimed
in claim 1, wherein the direct up-conversion system 1s applied
to an Orthogonal Frequency Domain Multiple (OFDM) sys-
tem.

3. The I/Q 1mbalance compensation apparatus as claimed
in claim 2, further comprising a pre-distortion factor storage
unit for storing the pre-distortion factors calculated by the
pre-distortion factor calculator,

wherein the pre-distortion executer fetches the pre-distor-
tion factors calculated by the pre-distortion factor cal-
culator to execute the pre-distortion.

4. The 1I/QQ imbalance compensation apparatus as claimed
in claim 2, wherein the pre-distortion executer performs the
pre-distortion for respective subcarriers bilaterally symmet-
ric to each other with respect to a DC subcarrier, and the
pre-distortion 1s performed by

Predistorted_ I(£., Y=A(F. VI )+B(E ) OFN+C(F )T
() +D)O,0)

Predistorted  O(f, )=A{,..)- O, )-B{f, ) I(f, ) +D(f, )1
(f—m)_ CU) . Q(f—m)

and

Predistorted__ () =A( ) L )+ BY ) OF )+
CU ) L) DU ) Qo)

Predistorted_ Q(f =AY O(f =B VIF I+D
) L) = CU ) Qo)
in which 1 1ndicates a predetermined subcarrier index, and
t__1indicates a subcarrier index symmetric to 1 .
5. A direct up-conversion system comprising:
the I/QQ imbalance compensation apparatus for performing
a pre-distortion so as to compensate for an 1/QQ) 1mbal-
ance for baseband digital I signals and baseband digital
Q signals as claimed in claim 1;
a baseband processor comprising an IFFT (Inverse Fast
Fourier Transformation) unit for performing an IFFT on
I signals and Q signals pre-distorted by the I/(Q 1mbal-
ance compensation apparatus;

a D/A converter for converting I signals and (Q signals

which have undergone the IFFT to analog data; and

an [/Q modulator for I/QQ modulating the analog data.

6. A method of compensating for an I/O 1imbalance 1n a
direct up-conversion system, the method comprising the steps
of:

(a) calculating pre-distortion factors A, B, C and D for each

subcarrier by using pre-measured I/O gain imbalance g,
I/O phase mmbalance ¢, and /O timing skew
t(timing_skew);

(b) execute a pre-distortion for each subcarrier through the

calculated pre-distortion factors A, B, C and D for each
subcarrier,

(¢) performing an IFFT on pre-distorted I/O signals, and
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(d) converting I signals and Q signals which have under-
gone and IFFT to analog data and I/O modulating the
analog data,

wherein the pre-distortion factors A, B, C and D are calcu-
lated by the following equations,

Phasesiming skew = 2 % 7T (subcarrier index — (5 — l)) sAf =T

N
— < subcarrier index < N point FFT

2
A=05%[(1+g)xcos(p) +(1 —g)+

CGS((}!&) ok CGS(PhﬂSEFEmjng_skfw) — (1 + g) # Slﬂ(‘;‘b) # Siﬂ( Phageriming_skfw)]
B=0.5%[(g—1)*sin(¢) + (1 — g) + cos(@) = sin(Phaseriming skew) +

(1 + g) * 8111(@) * CGS(PhQSEIEmmg_Skew)]

C=05=%[(1+g)xcos(¢) — (1 — g) + cos(¢) = cos(Phasesiming skew) —

(1 + g) * Slll(t;ﬁ’) * Siﬂ(PhﬂSEIiming_skfw)]

D =05%[(g —1)xsin(@) + (1 — g) + cos(@) = sin(Phasesiming skew) —

(1 + g) * SlIl(Qf’) * CGS(PhQSEFEmEHg_SkEw)]

in which T indicates I/O timing skew, g indicates an 1/0O
gain 1imbalance, ¢ indicates an I/O phase imbalance, Af
indicates sampling rate/FFT size, and N indicates a posi-
tive integer equal to an FFT size.

7. The method as claimed 1n claim 6, further comprising a
step of storing the pre-distortion factors calculated 1n the step
ol (a) before the step of (b),

wherein the step of (b) 1s performed by fetching the stored
pre-distortion factors.

8. The method as claimed 1in claim 7, wherein the step of (b)
1s performed for respective subcarriers bilaterally symmetric
to each other with respect to a DC subcarrier, and the pre-
distortion is performed by

Predistorted_ (£, )=4(f.,)-L{f,)+B{f.) Qo) +C(f) 1
=m DU QU0

Predistorted_Q(f,)=A(f,)- QUfo)-B(f) 1) +D(f,) T
(.f—m)_ CO‘) . Q(.f—m)

and

Predistorted__ (/" ,,)=A () T )+ B ) O )+
CU ) 1 DU, )

Predistorted_ Q(fy=A(f . V-O(f V=B VIF I+D
V) L) = CU ) O )

in which 1  indicates a predetermined subcarrier index, and
t__ 1ndicates a subcarrier index symmetricto .

9. The method as claimed 1n claim 6, wherein the method 1s
applied to an OFDM system.

10. The method as claimed in claim 7, wherein the method
1s applied to an OFDM system.

11. The method as claimed in claim 8, wherein the method
1s applied to an OFDM system.
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